Trypsin digestion of retinal pigment epithelium is a technique that bares Bruch's membrane, to allow topographical examination by scanning electron microscopy. Twenty-five human eyes were examined. The zonula occludens of the pigment epithelium was clearly seen as a surface feature, but attachment plaques at the sides and base were not visible. The adhesion between the pigment epithelium and the basal lamina was stronger than between the basal lamina and the rest of Bruch's membrane. Surface features of the basal lamina, inner collagenous zone, elastic layer, and outer collagenous zone were seen in a way that previously required an artist's representation constructed from microscopic sections. 23 
Since 1844, when Karl Bruch described a 'structureless membrane' between the retina and choroid,' almost all anatomical examinations have been by light microscopy or transmission electron microscopy.2-Most of these histological and electron microscopic sections were cross-sections or tangential sections through the membrane, which we describe today as having 5 components: (1) basal lamina of the pigment epithelium; (2) inner collagenous layer; (3) elastic layer; (4) outer collagenous layer; and (5) basal lamina of the choriocapillaris, where it is present.
A technique was devised to loosen enzymatically pigment epithelium from Bruch's membrane to allow evaluation of surface features by scanning electron microscopy, thereby offering a perspective view of Bruch's membrane and its component layers. This technique also demonstrates surface features of pigment epithelium that have not been demonstrated previously. Scanning electron microscopy allows conceptualisation of 3-dimensional structure in a way that sections cannot. In this report the surface features of Bruch's membrane and parts of the retinal pigment are described. In separate reports the same techniques will be used to evaluate regional variations, drusen, and aging changes in Bruch's membrane. 
Methods and materials
Twenty-five eyes were obtained from the eye bank and placed in chilled buffered glutaraldehyde 1% and paraformaldehyde 1% (buffered to pH 7A45 with 0-1 M monobasic and dibasic phosphate) between 50 minutes and 3 hours 25 minutes after death. The corneas of most of the eyes were removed prior to fixation. The donors ranged in age from 15 to 83 years.
After fixation the eyes were sectioned coronally through the equator. Each calotte was examined with the stereoscopic microscope for drusen, pigment changes, and other abnormalities. Three specimens were obtained with trephines. A specimen containing the disc and macular region was obtained with an 8 5 mm trephine. A specimen at the equator and a specimen straddling the ora each were obtained with a 6 mm trephine.
To help localisation of the region under the fovea the piece containing disc and macula was notched at the edge superior and inferior to the fovea. The sensory retina was removed, and each piece was photographed.
After the retina was removed each trephined piece was digested in buffered bovine pancreas trypsin 0-5% (Sigma) for 40 to 60 minutes at 37°C. The trypsin was buffered to pH 7 25 with 0-1 M Tris maleate buffer in 0-02% ethylene diamine tetra-acetic acid. The retinal pigment epithelium was washed off Bruch's membrane with a stream of phosphate buffer from a pipette (0-1 M monobasic and dibasic phosphate at pH 7-45). The specimen was then postfixed in osmium tetroxide 2%.
For scanning electron microscopy a specimen was dried in a critical-point bomb, coated with gold and palladium, and examined by mapping at progressively increasing magnification. For transmission electron microscopy only, a specimen was dehydrated in increasing concentrations of ethanol, mounted in Epon 812, thin-sectioned, and stainedwith lead citrate and uranyl acetate. Some specimens were examined by correlated scanning and transmission electron microscopy of the same piece. After a specimen was examined by scanning microscopy it was placed in ethanol 100%, then mounted in Epon 812 for thin sectioning and staining.'°Other pieces were cut in half for separate processing for scanning electron microscopy and transmission electron microscopy.
Results

PIGMENT EPITHELIUM
The digestion process loosened most of the pigment epithelium from Bruch's membrane; irrigation with *.MV..: phosphate buffer exposed broad expanses of Bruch's membrane. Patches of pigment epithelium remained attached to Bruch's membrane.
Microvillous processes extended from the apex of the pigment epithelial cells (Figs. 1 and 2). In most of the specimens the retina completely separated from the pigment epithelium, leaving pockets where the outer receptors of the rods had been. The microvilli were long and hair-like between these pockets." At the border of the pockets the villous processes appeared matted together or took the form of a ridge partially wrapped around the pocket. In some specimens the villous processes were covered with a material, presumably the mucopolysaccharides between outer receptors and the pigment epithelium. This material appeared as a plate with spaces for the receptors (Fig. 3 ).
The site of the zonula occludens was visible as a band about 500 nm wide encircling each pigment cell at the junction between the apex and the sides (Fig.  4 ). In most specimens this band was a flat outpouching of the cell membrane at the sides of the pigment cell.
In other specimens this band appeared to shrink from processing more than the sides of the cell, which sometimes bulged above the band.
The zonula adherens and the maculae adherentes were not visible on the sides ofthe pigment epithelium by scanning electron microscopy. The smooth cell membrane on the sides of the pigment epithelium bulged over the melanin granules (Fig. 1 ).
The basal surface of the pigment epithelium was generally not visible from the outside. In one specimen a sheet of remaining pigment epithelium was detached from the basal lamina and curled inwards. An amorphous material adhered to the external surface, leaving clefts where basal infolding was present (Fig. 5 ).
PIGMENT EPITHELIUM ADHESIONS TO BRUCH'S MEMBRANE In many specimens the adhesion of the basal cell membrane to the basal lamina of Bruch's membrane was stronger than the integrity of the cell, leaving remnant basal cell membrane on the basal lamina. The internal aspect of this remnant membrane showed basal infolding (Fig. 6 ). Transmission electron microscopy of the same piece showed attachment plaques of the flat parts of the cell basal membrane to the basal lamina ( Fig. 7) .
Broad expanses of the basal lamina were completely bared following enzymatic digestion and irrigation. The inner surface of the basal lamina was smooth and showed no evidence of the location of attachment plaques of pigment epithelium (Figs. 8 and 9). observed by scanning electron microscopy. The process of enzymatic digestion and irrigation exposed most of Bruch's membrane. 25 to 50% of the basal lamina was lost from each specimen, allowing easy visualisation of the inner collagenous zone. The rest of Bruch's membrane generally remained intact. The shrinkage produced by the critical-point processing caused the edges of some specimens of Bruch's membrane to curl inwards, allowing visualisation of the elastic layer and the outer collagenous layer. The basal lamina of the choriocapillaris endothelium was not seen.
Basal lamina of the pigment epithelium. By transmission electron microscopy the basal lamina showed as a straight, finely-granular membrane 40 to 100 nm thick (Fig. 1) . Its appearance by transmission electron microscopy did not prepare one for its appearance by scanning electron microscopy. With moderate magnification the basal lamina appeared like a smooth thin plastic membrane (Fig. 8) . At high magnification, the membrane took on a more granular appearance (Fig.   9 ). Both surfaces were smooth. There was no visible evidence on the inner surface where pigment epithelial attachments were located. There was no evidence of insertion of collagen fibrils from the inner collagenous layer into the basal lamina (Fig. 10) . The basal lamina tended to separate easily from the inner collagenous layer; the attachment between the basal lamina and the inner collagenous layer appeared to be much less firm than between the pigment epithelium and the basal lamina (Figs. 6, 10) .
Inner collagenous layer. At low magnification the inner collagenous layer appeared like velvet (Fig. 8) . At moderate magnification the collagen fibres in the inner collagenous layer formed a tightly interwoven membrane (Fig. 11 ). The ground substance between the fibres was not visible. At high magnification the collagen fibres appeared to have a uniform thickness of about 70 nm (Fig. 12 ). There were transverse ridges with a periodicity of about 60 nm, perhaps representing a surface manifestation of the banding seen in these fibres by transmission electron microscopy.
Elastic layer. The elastic layer appeared to be composed of coarse and fine fibres matted together by some amorphous substance (Fig. 13 ). This layer formed an almost solid sheet with clefts and small holes. Collagen fibres from the inner collagenous layer appeared to be inserted into the elastic layer and also to pass through holes in the elastic lamina to join with collagen fibres in the outer collagenous layers.
Outer collagenous layer. The collagen fibres in the outer collagenous layer were less dense, finer in appearance, and more loosely interwoven than those in the inner collagenous layer (Fig. 14) . The collagen network between the choriocapillaries appeared similar to the outer collagenous layer, with which it was continuous (Fig. 15 ).
Discussion
The enzymatic loosening of the pigment epithelium allowed scanning electron microscopy of Bruch's membrane. Some of the pigment epithelium did not wash away, and the remaining cells showed variable amounts of enzyme effect, ranging from not visible to severely digested. The microvilli around receptor elements have previously been observed by transmission electron microscopy to mat together and form ramparts.9 The ridge we saw with scanning electron microscopy may Fig. 15 Outer collagenous layer is continuous with collagen fibres between vessels in choroid. Split in Bruch's membrane has exposed choriocapillaris and collagenfibres between. (x 3517). be the same feature. On the other hand there could be an enzyme artefact. Likewise the plate we sometimes observed between pigment epithelium and rods and cones could be mucopolysaccharides or could be an enzyme artefact. The zonula occludens was a surface feature visible as a band round the sides of the cell near the apex. 213 We believe the zonula occludens has not previously been described as a visible surface feature of the retinal pigment epithelium. It functions as an outer blood-retina barrier to large molecules. The sides of the pigment epithelium covered the pigment granules and were otherwise smooth; attachment plaques at the sides Fig. 16 Artist's representation ofpigment epithelium and Bruch's membrane. Microvilli extend from apical surface ofpigment epithelium, occasionally forming pockets for rod outer segment. The zonula occludens barrier surrounds each cell, separating the side membrane and the apical surface. The basal lamina ofthe pigment epithelium is smooth like a thin plastic membrane. Basal infoldings adhere to basal lamina, which is not tightly attached to the inner collagenous zone. Inner collagenousfibres are more tightly woven than outer collagenous.fibres. Elastic lamina forms a plate with holes between the 2 collagenous zones. of the pigment epithelium'7 did not produce visible changes on the surface.
The adhesion between retinal pigment epithelium and the basal lamina was stronger than between the basal lamina and the collagenous layer. This latter junction is also the site of separation for the clinical condition of retinal pigment epithelial detachment. Attachment plaques at the basal layer of the pigment epithelium were seen in transmission electron microscopy, but were not visible as surface features by scanning electron microscopy. The amorphous material observed on the outer surface of the cell basal membrane (Fig. 10 ) may be involved in the adhesion to the basal lamina. There was no visible mechancal attachment between the smooth outer surface 6f the basal lamina and the rest of Bruch's membrane (Fig. 10) .
The tightly woven collagen fibres of the inner collagenous layer and the dense elastic layer by their appearance can be surmised to act as a flexible yet stable platform in 2 dimensions to support the retina, much as the plastic film base acts as a support for the emulsion in photographic film. Another function that can be hypothesised is that these layers act as a mechnical barrier that keeps the choriocapillaries away from the retina. Fig. 16 represents an artist's concept of the composite findings of scanning and transmission electron microscopy. Dale Deg assisted in devising techniques to expose the layers in Bruch's membrane.
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